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(57) ABSTRACT

A vehicle power window apparatus includes: a driver seat unit
and a first non-driver seat switch which is a manual switch
provided on a non-driver seat to open and close a non-driver
seat window. The driver seat unit includes a switching circuit
operated based on a predetermined operation of the first non-
driver seat switch. When an extended operation of the first
non-driver seat switch set by operating the first non-driver
seat switch for a certain time period or more is detected, the
control unit drives the switching circuit. After the extended
operation of the first non-driver seat switch is released, the
control unit fully opens or closes the non-driver seat window
in an automatic operation mode by energizing the non-driver
seat motor via the switching circuit and the first non-driver
seat switch by the power supply.

12 Claims, 16 Drawing Sheets
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FIG. 2
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FIG. 3

<WINDOW CLOSING OPERATION> FRONT PASSENGER SEAT SWITCH UP OPCRATION
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FIG. 4

<WINDOW CLOSING OPERATION>
FRONT PASSENGER SEAT SWITCH EXTENDED OPERATION — UPRELAY ON
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FIG. 5

<WINDOW CLOSING OPERATION=
FRONT PASSENGER SEAT SWITCH UP OPERATION RELEASE — AUTOMATIC UP OPERATION
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FIG. 6

<WINDOW CLOSING OPERATION>
FRONT PASSENGER SEAT SWITCH DOWN OPERATION
{AUTOMATIC UP OPERATION CANCELLATION)
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FIG. 7

<WINDOW CLOSING OPERATION> UPRELAY OFF
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FIG. 9

<WINDOW OPENING OPERATION=> FRONT PASSENGER SEAT DOWN CPERATION
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FIG. 10

<WINDOW OPENING OPERATION>
FRONT PASSENGER SEAT EXTENDED OPERATION — DOWNRELAY ON
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FIG. 11

<WINDOW OPENING OPERATION>
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FIG. 12
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FIG. 13

<WINDOW OPENING CPERATION> DOWNRELAY OFF
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1
VEHICLE POWER WINDOW APPARATUS

BACKGROUND OF THE INVENTION

1. Technical Field

One or more embodiments ofthe present invention relate to
a power window apparatus for opening and closing a vehicle
window, particularly, to a power window apparatus in which
an occupant in a driver seat can open and close all seat
windows including non-driver seat windows by operating
respective switches.

2. Related Art

In a power window apparatus in which a vehicle window is
caused to be opened and closed by an electric motor, the
motor rotates in a clockwise direction or a counter-clockwise
direction to open and close the window based on an operation
state of an operation switch. For example, when the operation
switch is operated to an up position (a window closing posi-
tion), the motor is driven to rotate in the clockwise direction,
and the window is closed. When the operation switch is
operated to a down position (a window opening position), the
motor is driven to rotate in the counter-clockwise direction,
and the window is opened. When a motor drive circuit
switches the direction of a current flowing to the motor based
on a signal from the operation switch, the motor is controlled
to rotate in the clockwise direction or in the counter-clock-
wise direction.

Typically, a vehicle is provided with respective operation
switches for a driver seat and other seats (a front passenger
seat, a left rear seat, a right rear seat, and the like). An opera-
tion switch of a driver seat includes non-driver seat switches
used to remotely open and close non-driver seat windows
such as a front passenger seat window in addition to a driver
seat switch used to open and close a driver seat window. An
operation switch of the non-driver seat is used to open and
close only the corresponding non-driver seat window. A con-
trol unit is provided so as to control an opening and closing
operation of each seat window based on an operation of the
corresponding switch.

JP-A-2008-19625 discloses a power window apparatus
which is provided with respective control units for the opera-
tion switch of the driver seat and the operation switch of each
of the non-driver seats, and in which the driver seat control
unit and the non-driver seat control units are connected to
each other via a serial communication line. In this power
window apparatus, when an occupant operates the operation
switch of the driver seat so as to open and close the non-driver
seat window, the driver seat control unit communicates with
the non-driver seat control unit via the serial communication
line, and the non-driver seat control unit drives a window
opening and closing motor for a non-driver seat.

JP-A-6-343279 discloses the power window apparatus that
is provided with a single control unit for the operation switch
of the driver seat and the operation switch of each of the
non-driver seats. In this power window apparatus, when the
single control unit receives an input signal from the operation
switch of the driver seat, or the operation switch of the non-
driver seat, the single control unit controls a window opening
and closing motor for the corresponding seat.

JP-A-2012-82647 discloses the power window apparatus
that includes a driver seat unit having the operation switch and
the control unit, and a non-driver seat unit having the opera-
tion switch and a relay. In addition, the driver seat unit and the
non-driver seat unit are connected to each other via a single
signal line. In this power window apparatus, contacts of the
operation switch and the relay of the non-driver seat unit
cause a current flowing to the window opening and closing
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2

motor for a non-driver seat to switch its flow direction, based
on an opening and closing operation of the non-driver seat
window in the driver seat unit.

In the power window apparatus, an opening and closing
operation of a window via a switch operation includes a
manual operation and an automatic operation. In the manual
operation, when a switch is operated to be in a manual open-
ing position, an opening operation of the window is started,
and the opening operation continues only while the switch is
being operated. When the switch operation is released, the
opening operation of the window is stopped. When the switch
is operated to be in a manual closing position, a closing
operation of the window is started, and the closing operation
continues only while the switch is being operated. When the
switch operation is released, the closing operation of the
window is stopped.

In contrast, in the automatic operation, when the switch is
further operated from the manual opening position to an
automatic opening position, the opening operation of the
window transitions to an automatic opening operation, and
even when the switch operation is released, the opening
operation of the window continues. When the window
reaches a fully open position, the opening operation of the
window is stopped. When the switch is further operated from
the manual closing position to an automatic closing position,
the closing operation of the window transitions to an auto-
matic closing operation, and even when the switch operation
is released, the closing operation of the window continues.
When the window reaches a fully closed position, the closing
operation of the window is stopped.

SUMMARY OF THE INVENTION

In the power window apparatus of the related art, when the
operation switch provided on each of the non-driver seats
does not have an automatic operation function, but has only a
manual operation function, the corresponding non-driver seat
window cannot be opened and closed in an automatic opera-
tion mode when the operation switch of the corresponding
non-driver seat is operated.

In contrast, when the operation switch provided on each of
the non-driver seats has the automatic operation function, the
corresponding non-driver seat window can be opened and
closed in the automatic operation mode when the operation
switch of the corresponding non-driver seat is operated. How-
ever, an operation position of the switch having the automatic
operation function is required to be switchable at multiple
stages such as the manual opening position, the manual clos-
ing position, the automatic opening position, and the auto-
matic closing position. Accordingly, the configuration of the
switch becomes complicated.

An object of one or more embodiments of the present
invention is to provide a power window apparatus in which it
is possible to simplify the configuration of an operation
switch of a non-driver seat, and it is possible to open and close
a non-driver seat window in an automatic operation mode
when the operation switch of the non-driver seat is operated.

A vehicle power window apparatus according to an
embodiment of the present invention includes a driver seat
unit that is provided on a driver seat in a vehicle; and a first
non-driver seat switch that is provided on a non-driver seat,
that is electrically connected to the driver seat unit, and that is
used to open and close a non-driver seat window. The driver
seat unit includes a driver seat switch that is used to open and
close a driver seat window; a second non-driver seat switch
that is used to open and close the non-driver seat window, and
a control unit that controls a driver seat motor that opens and
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closes the driver seat window based on an operation of the
driver seat switch, and a non-driver seat motor that opens and
closes the non-driver seat window based on an operation of
the second non-driver seat switch. The driver seat unit
includes a switching circuit that is operated based on a pre-
determined operation of the first non-driver seat switch. The
first non-driver seat switch is a manual switch used to open
and close the non-driver seat window in a manual operation
mode. The first non-driver seat switch includes a first switch
that connects a first end of the non-driver seat motor to a
power supply or the switching circuit, and a second switch
that connects a second end of the non-driver seat motor to the
power supply or the switching circuit. The driver seat unit
includes a detecting unit that includes at least one of a voltage
detection circuit and a current detection circuit. The voltage
detection circuit detects a voltage at one of the first end and
the second end of the non-driver seat motor. The current
detection circuit detects a current flowing through the non-
driver seat motor. When an extended operation of the first
non-driver seat switch set by operating the first non-driver
seat switch for a certain time period or more is detected based
on the voltage or the current detected by the detecting unit in
a state where the second non-driver seat switch is not oper-
ated, the control unit drives the switching circuit. After the
extended operation of the first non-driver seat switch is
released, the control unit fully opens or closes the non-driver
seat window in an automatic operation mode by energizing
the non-driver seat motor via the switching circuit and the first
non-driver seat switch by the power supply.

In this configuration, when the first non-driver seat switch,
which is a manual switch, is operated for a certain time period
or more, thereby being set to the extended operation, the
switching circuit is driven, and the operation of the first non-
driver seat switch transitions to the automatic operation, and
the non-driver seat motor is energized via the switching cir-
cuit and the first non-driver seat switch. Thereafter, even
when the operation of the first non-driver seat switch is
released, the non-driver seat motor continuously rotates.
Accordingly, it is possible to perform the automatic opening
operation or the automatic closing operation by means of the
manual switch. It is possible to simplify the configuration of
the first non-driver seat switch, and to open and close the
non-driver seat window in the automatic operation mode by
means of the first non-driver seat switch.

In one or more embodiments of the present invention, the
control unit may perform the following controls. After the
extended operation of the first non-driver seat switch is
released, when the first non-driver seat switch is operated to a
window opening position while the non-driver seat window is
being closed in an automatic closing operation mode, the
control unit may release the automatic closing operation, and
may stop the non-driver seat motor. After the extended opera-
tion of the first non-driver seat switch is released, when the
first non-driver seat switch is operated to be in a window
closing position while the non-driver seat window is being
opened in an automatic opening operation mode, the control
unit may release the automatic opening operation and may
stop the non-driver seat motor.

In one or more embodiments of the present invention, the
switching circuit may include a first window closing relay and
a second window opening relay. When the first non-driver
seat switch is operated to be in the window closing position,
the first switch may be switched to a power supply side. When
the first non-driver seat switch is operated to the window
opening position, the second switch may be switched to the
power supply side. In a state where the first switch is switched
to the power supply side, when the first non-driver seat switch

10

15

20

25

30

35

40

45

50

55

60

65

4

is set to the extended operation, the first relay may be
switched to the power supply side. After the extended opera-
tion of the first non-driver seat switch is released, a current
route may be formed from the power supply to a ground via
the first relay, the first switch, the non-driver seat motor, the
second switch, and the second relay. In a state where the
second switch is switched to the power supply side, when the
first non-driver seat switch is set to the extended operation,
the second relay may be switched to the power supply side.
After the extended operation of the first non-driver seat
switch is released, a current route may be formed from the
power supply to the ground via the second relay, the second
switch, the non-driver seat motor, the first switch, and the first
relay.

In one or more embodiments of the present invention, the
control unit may determine which one of the first and second
switches is switched to the power supply side based on the
voltage detected by the voltage detection circuit when the first
switch is switched to the power supply side, and based on the
voltage detected by the voltage detection circuit when the
second switch is switched to the power supply side. When the
control unit determines that the first switch is switched to the
power supply side, the control unit may switch the first relay
to the power supply. When the control unit determines that the
second switch is switched to the power supply side, the con-
trol unit may switch the second relay to the power supply.

In one or more embodiments of the present invention, the
control unit may detect whether the first non-driver seat
switch is operated for multiple consecutive times within a
predetermined time period, instead of detecting whether the
first non-driver seat switch is set to the extended operation by
operating the first non-driver seat for a predetermined time
period or more.

According to one or more embodiments of the present
invention, it is possible to provide the power window appa-
ratus in which it is possible to simplify the configuration of
the operation switch of the non-driver seat, and it is possible
to open and close the non-driver seat window in the automatic
operation mode when the operation switch of the non-driver
seat is operated.

BRIEF EXPLANATION OF THE DRAWINGS

FIG. 1 is a schematic configuration diagram of a vehicle
power window apparatus according to an embodiment of the
present invention;

FIG. 2 is a detailed configuration diagram of the power
window apparatus;

FIG. 3 is a diagram illustrating a circuit state when a front
passenger seat switch is set to an up operation (a window
closing operation);

FIG. 4 is adiagram illustrating a circuit state when the front
passenger seat switch is extensionally operated, and an up
relay is turned on;

FIG. 5 is a diagram illustrating a circuit state when the up
operation of the front passenger seat switch is released, and
the operation transitions to an automatic closing operation;

FIG. 6 is adiagram illustrating a circuit state when the front
passenger seat switch is set to a down operation (a window
opening operation), and the automatic closing operation is
released;

FIG. 7 is a diagram illustrating a circuit state when the up
relay is turned off;

FIGS. 8A to 8F show timing charts for the operations
illustrated in FIGS. 3 to 7,



US 9,255,434 B2

5

FIG. 9 is adiagram illustrating a circuit state when the front
passenger seat switch is set to the down operation (the win-
dow opening operation);

FIG. 10 is a diagram illustrating a circuit state when the
front passenger seat switch is extensionally operated, and a
down relay is turned on;

FIG. 11 is a diagram illustrating a circuit state when the
down operation of the front passenger seat switch is released,
and the operation transitions to an automatic opening opera-
tion;

FIG. 12 is a diagram illustrating a circuit state when the
front passenger seat switch is set to the up operation (the
window closing operation), and the automatic opening opera-
tion is released;

FIG. 13 is a diagram illustrating a circuit state when the
down relay is turned off;

FIGS. 14A to 14F show timing charts for the operations
illustrated in FIGS. 9 to 13;

FIGS. 15A and 15B illustrate ripple waveforms and con-
verted pulse waveforms of a current of a motor in a normal
state;

FIGS. 16A and 16B illustrate ripple waveforms and con-
verted pulse waveforms of a current of a motor when jamming
occurs; and

FIGS. 17A and 17B illustrate graphs describing another
example of a jamming detection method.

DETAILED EXPLANATION

Hereinafter, a vehicle power window apparatus (hereinat-
ter, simply referred to as a “power window apparatus™)
according to an embodiment of the present invention will be
described with reference to the accompanying drawings. In
the drawings, the same reference numbers are assigned to the
same part or the corresponding parts. In embodiments of the
invention, numerous specific details are set forth in order to
provide a more thorough understanding of the invention.
However, it will be apparent to one of ordinary skill in the art
that the invention may be practiced without these specific
details. In other instances, well-known features have not been
described in detail to avoid obscuring the invention.

First, a schematic configuration of the power window
apparatus will be described with reference to FIG. 1. In FIG.
1, a power window apparatus 100 is configured to include a
driver seat unit 1 and a non-driver seat switch 2. The power
window apparatus 100 controls a driver seat motor 3 to open
and close a driver seat window, and controls a non-driver seat
motor 4 to open and close non-driver seat windows.

The driver seat unit 1 is provided on the driver seat in the
vehicle, and has a control unit 10, a driver seat switch 11, a
non-driver seat switch 12, a non-driver seat automatic opera-
tion relay 13, a voltage detection circuit 14, and a current
detection circuit 15.

The control unit 10 is configured to include a CPU, a
memory, and the like, and controls an operation of the power
window apparatus 100. The driver seat switch 11 is a switch,
the operation of which causes the driver seat motor 3 to open
and close the driver seat window.

The non-driver seat switch 12 is a switch, the operation of
which causes the non-driver seat motor 4 to open and close
each of the non-driver seat windows. The non-driver seat
switch 12 is configured to include a front passenger seat
switch 121, a right rear seat switch 122, and a left rear seat
switch 123. The front passenger seat switch 121 of the driver
seat is a switch used to open and close a front passenger seat
window. The right rear seat switch 122 of the drive seat is a
switch used to open and close a right rear seat window. The
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left rear seat switch 123 of the driver seat is a switch used to
open and close a left rear seat window. Each the driver seat
switch 11 and the non-driver seat switch 12 has a manual
operation function and an automatic operation function.

When a predetermined operation of the non-driver seat
switch 2 is performed, the non-driver seat automatic opera-
tion relay 13 operates and switches an opening and closing
operation of the non-driver seat window from a manual opera-
tion mode to an automatic operation mode. The non-driver
seat automatic operation relay 13 is configured to include a
front passenger seat automatic operation relay 131, a right
rear seat automatic operation relay 132, and a left rear seat
automatic operation relay 133. The voltage detection circuit
14 and the current detection circuit 15 will be described later.

The non-driver seat switch 2 is provided on each of the
non-driver seats, and is electrically connected to the driver
seatunit. The non-driver seat switch 2 is aswitch used to open
and close the corresponding non-driver seat window when an
operation switch of the non-driver seat is operated. The non-
driver seat switch 2 is configured to include a front passenger
seat switch 21, a right rear seat switch 22, and a left rear seat
switch 23.

The front passenger seat switch 21 of the front passenger
seat is a switch used to open and close the front passenger seat
window. The right rear seat switch 22 of the right rear seat is
a switch used to open and close the right rear seat window.
The left rear seat switch 23 of the left rear seat is a switch used
to open and close the left rear seat window. Each of the
non-driver seat switches 21 to 23 is a manual switch used to
open and close the corresponding non-driver seat window in
the manual operation mode, and is a so-called momentary
switch, a contact of which can only be switched while the
switch is being operated. None of the non-driver seat switches
21 to 23 has a function of fully opening and closing the
corresponding non-driver seat window in an automatic opera-
tion mode.

The driver seat motor 3 opens and closes the driver seat
window based on an operation of the driver seat switch 11,
and is electrically connected to the driver seat unit 1. The
non-driver seat motor 4 opens and closes the non-driver seat
window based on an operation of the non-driver seat switch
12 provided on the driver seat, or based on an operation of the
non-driver seat switch 2 provided on the non-driver seat. The
non-driver seat motor 4 is configured to include a front pas-
senger seat motor 41, a right rear seat motor 42, and a left rear
seat motor 43.

The front passenger seat motor 41 opens and closes the
front passenger seat window, and is electrically connected to
the front passenger seat switch 21 and the driver seat unit 1.
More specifically, one end of the front passenger seat motor
41 (a lower side of the front passenger seat motor 41 in FIG.
1) is electrically connected to the driver seat unit 1, and then
is electrically connected to the front passenger seat switch 21
via the driver seat unit 1. The other end of the front passenger
seat motor 41 (an upper side of the front passenger seat motor
41 in FIG. 1) is electrically connected to the front passenger
seat switch 21.

The right rear seat motor 42 opens and closes the right rear
seat window, and is electrically connected to the right rear
seat switch 22 and the driver seat unit 1. More specifically,
one end of the right rear seat motor 42 (a lower side of the
right rear seat motor 42 in FIG. 1) is electrically connected to
the driver seat unit 1, and then is electrically connected to the
right rear seat switch 22 via the driver seat unit 1. The other
end of the right rear seat motor 42 (an upper side of the right
rear seat motor 42 in FIG. 1) is electrically connected to the
right rear seat switch 22.
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The left rear seat motor 43 opens and closes the left rear
seat window, and is electrically connected to the left rear seat
switch 23 and the driver seat unit 1. More specifically, one end
of'the left rear seat motor 43 (a lower side of the left rear seat
motor 43 in FIG. 1) is electrically connected to the driver seat
unit 1, and then is electrically connected to the left rear seat
switch 23 via the driver seat unit 1. The other end of the left
rear seat motor 43 (an upper side of the left rear seat motor 43
in FIG. 1) is electrically connected to the left rear seat switch
23.

The voltage detection circuit 14 of the driver seat unit 1
detects a voltage at one end of each the front passenger seat
motor 41, the right rear seat motor 42, and the left rear seat
motor 43. The current detection circuit 15 of the driver seat
unit 1 detects a motor current flowing to each the driver seat
motor 3, the front passenger seat motor 41, the right rear seat
motor 42, and the left rear seat motor 43.

In the above-mentioned configuration, the non-driver seat
switch 2 provided on the non-driver seat is an example of “a
first non-driver seat switch” in one or more embodiments of
the invention. The non-driver seat switch 12 provided on the
driver seat is an example of “a second non-driver seat switch”
in one or more embodiments of the invention. The non-driver
seat automatic operation relay 13 is an example of “a switch-
ing circuit” in one or more embodiments of the invention. The
voltage detection circuit 14 and the current detection circuit
15 are examples of “detecting means” in one or more embodi-
ments of the invention.

Subsequently, a specific configuration of the driver seat
unit 1 and the non-driver seat switch 2 will be described with
referenceto FIG. 2. InFIG. 2, the driver seat switch 11 and the
non-driver seat switch 12 shown in FIG. 1 are not illustrated
in the driver seat unit 1. Only the front passenger seat switch
21 is illustrated as the non-driver seat switch 2 shown in FIG.
1. The right rear seat switch 22 and the left rear seat switch 23
are not illustrated. In contrast, in FIG. 2, only the front pas-
senger seat automatic operation relay 131 is illustrated as the
non-driver seat automatic operation relay 13. The right rear
seat automatic operation relay 132 and the left rear seat auto-
matic operation relay 133 are not illustrated. Only the front
passenger seat motor 41 is illustrated as the non-driver seat
motor 4. The right rear seat motor 42 and the left rear seat
motor 43 are not illustrated.

The front passenger seat automatic operation relay 131 of
the driver seat unit 1 is configured to include two relays 131u
and 131d. The relay 131« is a window closing relay that is
operated so as to close the front passenger seat window in an
automatic closing operation mode. The relay 131« includes a
coil Xu and a contact Yu. The relay 1314 is a window opening
relay that is operated so as to open the front passenger seat
window in an automatic opening operation mode. The relay
131d includes a coil Xd and a contact Yd. Hereinafter, the
relay 131w is referred to as “an up relay”, and the relay 1314
is referred to as “a down relay”.

In the up relay 131w, one end of the coil Xu is connected to
a power supply B, and the other end of the coil Xu is con-
nected to the control unit 10. When the coil Xu is not ener-
gized, the contact Yu is switched to a normally closed terminal
b (a ground). When the coil Xu is energized, the contact Yu is
switched to a normally open terminal a (the power supply).
The normally open terminal a is connected to the power
supply B, and is connected to the normally open terminal a of
the down relay 131d. The normally closed terminal b is
grounded to a ground G via a shunt resistor Rs which will be
described later, and is connected to the normally closed ter-
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minal b of the down relay 131d4. A common terminal ¢ of the
contact Yu is connected to a terminal T1 of the driver seat unit
1.

Inthe down relay 1314, one end of the coil Xd is connected
to the power supply B, and the other end of the coil Xd is
connected to the control unit 10. When the coil Xd is not
energized, the contact Yd is switched to the normally closed
terminal b (the ground). When the coil Xd is energized, the
contact Yd is switched to the normally open terminal a (the
power supply). The normally open terminal a is connected to
the power supply B, and is connected to the normally open
terminal a of the up relay 131«. The normally closed terminal
b is grounded to the ground G via the shunt resistor Rs which
will be described later, and is connected to the normally
closed terminal b of the up relay 131«. The common terminal
c of the contact Yd is connected to a terminal T2 of the driver
seat unit 1.

The front passenger seat switch 21 is configured to include
two switches 21u and 21d4. The switch 21 is a window
closing switch that is operated so as to close the front passen-
ger seat window. The switch 214 is a window opening switch
that is operated so as to open the front passenger seat window.
The front passenger seat switch 21 is a manual switch used to
open and close the front passenger seat window in the manual
operation mode. The front passenger seat switch 21 is a so-
called momentary switch, a contact of which can only be
switched while the switches 21u and 214 are being operated.
The front passenger seat switch 21 does not have a function of
fully opening or closing the front passenger seat window in
the automatic operation mode. Hereinafter, the switch 21w is
referred to as “an up switch”, and the switch 21d is referred to
as “a down switch”.

The up switch 21u is switched to either the normally open
terminal a (the power supply) or the normally closed terminal
b (the ground). The normally open terminal a is connected to
the power supply B, and is connected to the normally open
terminal a of the down switch 21d. The normally closed
terminal b is connected to a terminal T5 of the front passenger
seat switch 21, and the common terminal ¢ is connected to a
terminal T7 of the front passenger seat switch 21. The termi-
nal T5 is connected to the terminal T1 of the driver seat unit 1
via a wiring L1. Accordingly, the normally closed terminal b
of the up switch 21u is grounded to the ground G via the
terminal T5, the wiring L1, the terminal T1, the normally
closed terminal b of the up relay 131«, and the shunt resistor
Rs.

The down switch 214 is also switched to either the nor-
mally open terminal a (the power supply) or the normally
closed terminal b (the ground). The normally open terminal a
is connected to the power supply B, and is connected to the
normally open terminal a of the up switch 21«. The normally
closed terminal b is connected to a terminal T6 of the front
passenger seat switch 21, and the common terminal c¢ is
connected to a terminal T8 of the front passenger seat switch
21. The terminal T6 is connected to the terminal T2 of the
driver seat unit 1 via a wiring [.2. Accordingly, the normally
closed terminal b of the down switch 214 is grounded to the
ground G via the terminal T6, the wiring [.2, the terminal T2,
the normally closed terminal b of the down relay 131d, and
the shunt resistor Rs.

The terminal T7 of the front passenger seat switch 21 is
connected to the terminal T3 of the driver seat unit 1 via a
wiring [.3. The front passenger seat motor 41 is provided
between the terminal T8 of the front passenger seat switch 21
and the terminal T4 of the driver seat unit 1. One end of the
front passenger seat motor 41 is connected to the terminal T4
of the driver seat unit 1 via a wiring [.4. The other end of the
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front passenger seat motor 41 is connected to the terminal T8
of the front passenger seat switch 21 via a wiring 5.

In the driver seat unit 1, the terminal T3 is connected to the
voltage detection circuit 14, and is connected to the terminal
T4. Accordingly, one end of the front passenger seat motor 41
is connected to the voltage detection circuit 14 via the wiring
L4 and the terminal T4.

The voltage detection circuit 14 is provided between the
terminals T3 and T4, and the control unit 10. The voltage
detection circuit 14 is configured to include resistors R1 and
R2. One end of the resistor R1 is connected to one end of the
resistor R2, and is connected to the control unit 10. The other
end of the resistor R1 is connected to the terminals T3 and T4,
and the other end of the resistor R2 is grounded to the ground
G.

The shunt resistor Rs detects a motor current flowing to the
front passenger seat motor 41. One end of the shunt resistor
Rs is connected to the normally closed terminal b of each the
up relay 131« and the down relay 131d. The other end of the
shunt resistor Rs is grounded to the ground G. Both inputs of
the current detection circuit 15 are respectively connected to
both ends of the shunt resistor Rs. An output of the current
detection circuit 15 is connected to the control unit 10. The
control unit 10 includes a jamming detecting unit 10a that
detects whether foreign debris is jammed in a window based
on an output from the current detection circuit 15.

In the above-mentioned configuration, the up switch 21w is
an example of “a first switch” in one or more embodiments of
the invention. The down switch 214 is an example of “a
second switch” in one or more embodiments of the invention.
The up relay 131« is an example of “a first relay” in one or
more embodiments of the invention. The down relay 1314 is
an example of “a second relay” in one or more embodiments
of the invention.

Subsequently, an operation of the power window apparatus
100 will be described. The following operations are the same
as those of'the related art, respectively: an operation of open-
ing and closing the driver seat window via an operation of the
driver seat switch 11 of the driver seat unit 1, and an operation
of opening and closing the non-driver seat window via an
operation of the non-driver seat switch 12 of the driver seat
unit 1.

Here, when the front passenger seat switch 21 as a repre-
sentative switch of the non-driver seat switch 2 is operated, an
operation of the power window apparatus 100 will be
described. Hereinafter, an operation of closing a window (a
window closing operation) via an operation of the front pas-
senger seat switch 21 to a window closing position is referred
to as “an up operation”. An operation of opening a window (a
window opening operation) via an operation of the front
passenger seat switch 21 to a window opening position is
referred to as “a down operation”. An operation of closing a
window (a manual closing operation) in the manual operation
mode is referred to as “a manual up operation”. An operation
of opening a window (a manual opening operation) in the
manual operation mode is referred to as “a manual down
operation”. An operation of closing a window (an automatic
closing operation) in the automatic operation mode is referred
to as “an automatic up operation”. An operation of opening a
window (an automatic opening operation in the automatic
operation mode is referred to as “an automatic down opera-
tion”.

1. Normal State

When neither the front passenger seat switch 121 of the
driver seat unit 1 nor the front passenger seat switch 21 of the
non-driver seat switch 2 is operated, the power window appa-
ratus 100 is in a state illustrated in FIG. 2. In this state, a
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current route is not formed from the power supply B to the
front passenger seat motor 41, and thus the front passenger
seat motor 41 is not energized and is stopped.

2. When Window is Closed

Manual Up Operation

FIG. 3 illustrates a current route when the front passenger
seat switch 121 of the driver seat unit 1 is not operated, and the
front passenger seat switch 21 of the non-driver seat switch 2
is set to the up operation. When the front passenger seat
switch 21 is set to the up operation, the window closing up
switch 21u is switched to the normally open terminal a. As
illustrated by the dotted line arrow, the following current
route is formed as: the power supply B—the up switch
21u—the terminal T7—the wiring [.3—the terminal T3—the
terminal T4—the wiring L4—the front passenger seat motor
41—>the wiring [.5—the terminal T8—sthe down switch
21d—the terminal T6—the wiring [.2—the terminal T2—the
contact Yd of the down relay 131d—the shunt resistor
Rs—the ground G.

For this reason, a current flows so as to cause the front
passenger seat motor 41 to rotate in the clockwise direction.
As a result, the front passenger seat motor 41 rotates in the
clockwise direction, and the window becomes closed in asso-
ciation with the clockwise rotation. When the up operation is
released before a certain time period elapses, the up switch
21u switches back to the normally closed terminal b, the
power window apparatus 100 returns to the state illustrated in
FIG. 2, and the front passenger seat motor 41 is stopped.
Accordingly, the manual up operation is performed. In other
words, the window can only be closed while the front pas-
senger seat switch 21 is being set to the up operation.

Automatic Up Operation

FIG. 4 illustrates a current route when the setting of the
front passenger seat switch 21 to the up operation continues
from the state illustrated in FIG. 3 for more than a certain time
period. When the up switch 21u is switched to the normally
open terminal a, and a current flows to the front passenger seat
motor 41 via the path illustrated in FIG. 3, the voltage detec-
tion circuit 14 detects a voltage Vup (a P point voltage) at one
end of the front passenger seat motor 41. At this time, the P
point voltage becomes approximately equal to a voltage
(hereinafter, referred to as “the power supply voltage B”) of
the power supply B. That is, the voltage Vup becomes
approximately equal to the power supply voltage B. The
voltage Vup is divided by the resistors R1 and R2 of the
voltage detection circuit 14, and the divided voltage Vup*R2/
(R1+R2) is input to the control unit 10. The control unit 10
monitors a time period for which the divided voltage is con-
tinuously input thereto. Accordingly, the control unit 10 can
determine whether the front passenger seat switch 21 is set to
the up operation for more than a certain time period, and then
is setto an extended operation (a so-called long switch press).
When the voltage Vup is approximately equal to the power
supply voltage B, the control unit 10 determines that the
extended operation of the front passenger seat switch 21 is the
up operation, that is, that the up switch 21u is switched to the
normally open terminal a.

When the control unit 10 determines that the front passen-
ger seat switch 21 is set to the extended up operation, the
control unit 10 energizes the coil Xu of the up relay 131« of
the front passenger seat automatic operation relay 131.
Accordingly, the up relay 131« is turned on, and as illustrated
in FIG. 4, the contact Yu of the up relay 131w is switched to the
normally open terminal a. At this point, the current route
illustrated in FIG. 3 (also illustrated in FIG. 4) is maintained,



US 9,255,434 B2

11

and the front passenger seat motor 41 continuously rotates in
the clockwise direction, and thus the window closing opera-
tion continues.

Thereafter, when the extended operation (the up operation)
of'the front passenger seat switch 21 is released, as illustrated
in FIG. 5, the up switch 21« is switched to the normally closed
terminal b. As illustrated by the dotted line arrow, the follow-
ing current route is formed as: the power supply B—the
contact Yu of the up relay 131u—>the terminal T1—the wiring
L1-—+the terminal T5—the up switch 21u—the terminal
T7—the wiring [.3—>the terminal T3—the terminal T4—the
wiring [.4—the front passenger seat motor 41—the wiring
L5—sthe terminal T8—the down switch 21d—the terminal
T6—the wiring [.2—the terminal T2—the contact Yd of the
down relay—the shunt resistor Rs—the ground G.

For this reason, a current flows so as to cause the front
passenger seat motor 41 to rotate in the clockwise direction.
As a result, the front passenger seat motor 41 continuously
rotates in the clockwise direction, and the window becomes
closed in association with the clockwise rotation. When the
control unit 10 detects that the window reaches a fully closed
state, the control unit 10 stops the energization of the coil Xu
of'the up relay 131u. Accordingly, the up relay 131« is turned
off, and the contact Yu of the up relay 131« is switched to the
normally closed terminal b. As a result, a current does not flow
to the front passenger seat motor 41, and the front passenger
seat motor 41 is stopped.

For example, the fully closed window can be detected
based on a motor current flowing through the shunt resistor
Rs. Specifically, when the window reaches the fully closed
state, a large load is exerted on the front passenger seat motor
41, a motor current increases, and the increasing motor cur-
rent flows through the shunt resistor Rs, thereby increasing a
voltage drop at the shunt resistor Rs. The current detection
circuit 15 detects the motor current flowing through the shunt
resistor Rs based on the voltage drop, and outputs the detected
result to the control unit 10. The control unit 10 compares the
motor current with a predetermined threshold value, and
when the motor current exceeds the threshold value, the con-
trol unit 10 determines that the window is in the fully closed
state.

As such, when the up operation of the front passenger seat
switch 21 continues for more than a certain time period, the up
relay 131« is turned on, and the front passenger seat motor 41
is continuously energized via the contact Yu of the up relay
131u. Accordingly, the automatic up operation is performed.
In other words, even when the up operation of the front
passenger seat switch 21 is released, the front passenger seat
window is automatically operated to be in the fully closed
state.

When the occupant wants to cancel the ongoing automatic
up operation, and stop the front passenger seat motor 41, the
occupant sets the front passenger seat switch 21 to the down
operation. As illustrated in FIG. 6, the down operation causes
the down switch 214 of the front passenger seat switch 21 to
be switched to the normally open terminal a. One end of the
front passenger seat motor 41 is connected to the power
supply B via the wiring [ 4, the wiring [.3, the up switch 214,
the wiring L1, and the contact Yu of the up relay 131u. The
other end of the front passenger seat motor 41 is connected to
the power supply B via the wiring L5 and the down switch
21d. As a result, both ends of the front passenger seat motor
41 have the same electric potential, and thus a current does not
flow to the front passenger seat motor 41, and the front pas-
senger seat motor 41 is stopped. The window closing opera-
tion is stopped.
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When a current does not flow to the front passenger seat
motor 41, the current detection circuit 15 cannot detect a
motor current, and there is no output from the current detec-
tion circuit 15 to the control unit 10. Accordingly, the control
unit 10 determines that the automatic up operation is released,
and stops the energization of the coil Xu of the up relay 131u.
As aresult, as illustrated in FIG. 7, the up relay 131 is turned
off, and the contact Yu is switched to the normally closed
terminal b. Accordingly, the power window apparatus 100
enters the same state as that when the front passenger seat
switch 21 is set to the down operation so as to open the
window (a case illustrated in FIG. 9 which will be described
later). As a result, before the down operation of the front
passenger seat switch 21 is released, a current flows so as to
cause the front passenger seat motor 41 to rotate in the
counter-clockwise direction, and the window is opened.

As such, when the front passenger seat switch 21 is oper-
ated to a down position opposite to an up position in the
middle ofthe automatic up operation, the automatic up opera-
tion is released. Accordingly, it is possible to stop the window
closing operation.

FIGS. 8A to 8F illustrate timing charts for the window
closing operations described above. FIG. 8A illustrates the
operation of the up switch 21w, and FIG. 8B illustrates the
operation of the down switch 21d. FIG. 8C illustrates the
operation of the up relay 131w, and FIG. 8D illustrates the
operation of the down relay 131d. FIG. 8E illustrates the P
point voltage (a voltage at one end of the front passenger seat
motor 41). The Vup is a voltage level at which a switch
operation is determined to be the up operation, and the Vdown
is a voltage level at which a switch operation is determined to
be the down operation. FIG. 8F illustrates a waveform of a
motor current (shunt current) of the front passenger seat
motor 41, which flows through the shunt resistor Rs. Each of
tl to t7 indicates time.

The state illustrated in FIG. 2A is shown in a range A of up
to the time t1. In this state, a motor current does not flow to the
front passenger seat motor 41.

The states illustrated in FIGS. 3 and 4 are shown in a range
B of the time t1 to t3. At the time t1, the front passenger seat
switch 21 is set to the up operation, and as illustrated in FIG.
8A, the up switch 21« is turned on, and is switched to the
normally open terminal a. For this reason, the current route is
formed as illustrated in FIG. 3, and as illustrated in F1G. 8F, a
motor current flows to the front passenger seat motor 41. A
steeply rising motor current at the time t1 indicates an inrush
current. When a motor current flows to the front passenger
seat motor 41, the P point voltage becomes the voltage Vup as
illustrated in FIG. 8E.

When the front passenger seat switch 21 is set to the up
operation, and then is continuously set to the up operation
even after a certain time period T elapses, as illustrated in FIG.
8C, the up relay 131« is turned on at the time t2, and the
contact Yu is switched to the normally open terminal a (refer
to FIG. 4). Thereafter, when the up operation of the front
passenger seat switch 21 is released at the time t3, as illus-
trated in FIG. 8A, the up switch 21« is turned off, and is
switched to the normally closed terminal b. It takes a certain
time period for the up switch 21u to be switched from the
normally open terminal a to the normally closed terminal b.
For this reason, as illustrated in FIG. 8F, a current does not
flow to the front passenger seat motor 41 during a range C of
the time 13 to t4. However, since the range C is a very short
time period, inertia causes the front passenger seat motor 41
to continuously rotate during the range C. When the up switch
21u comes into contact with the normally closed terminal b at
the time t4, as illustrated in FIG. 8F, a current flows again to
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the front passenger seat motor 41. A steeply rising motor
current at the time t4 indicates an inrush current.

The state illustrated in FIG. 5 is shown in a range D of the
time t4 to t5. In this state, the front passenger seat motor 41 is
continuously energized via the contact Yu of the up relay
131u. Accordingly, even when the up operation of the front
passenger seat switch 21 is released, the front passenger seat
window is closed in the automatic up operation mode.

The state illustrated in FIG. 6 is shown in a range E of the
time t5 to t6. When the front passenger seat switch 21 is set to
the down operation at the time t5, as illustrated in FIG. 8B, the
down switch 21d is turned on, and is switched to the normally
open terminal a. For this reason, both ends of the front pas-
senger seat motor 41 have the same electric potential, and as
illustrated in FIG. 8F, a current does not flow to the front
passenger seat motor 41. Accordingly, as illustrated in FIG.
8E, the P point voltage becomes 0. The automatic up opera-
tion is released, and the front passenger seat switch 21 is
stopped.

The state illustrated in FIG. 7 is shown in a range F of the
time t6 to t7. As illustrated in FIG. 8C, the up relay 131u is
turned off at the time t6, and the contact Yu is switched to the
normally closed terminal b (refer to FIG. 7). At this time, as
described above, a current flows so as to cause the front
passenger seat motor 41 to rotate in the counter-clockwise
direction, and the window is opened. Thereafter, when the
down operation of the front passenger seat switch 21 is
released at the time t7, as illustrated in FIG. 8B, the down
switch 214 is turned off, and is switched to the normally
closed terminal b. Accordingly, a current does not flow to the
front passenger seat motor 41, and the window opening
operation is stopped. The circuit returns to the state illustrated
in FIG. 2.

3. When Window is Opened

Manual Down Operation

FIG. 9 illustrates a current route when the front passenger
seat switch 121 of the driver seat unit 1 is not operated, and the
front passenger seat switch 21 of the non-driver seat switch 2
is set to the down operation. When the front passenger seat
switch 21 is set to the down operation, the window opening
down switch 21d is switched to the normally open terminal a.
As illustrated by the dotted line arrow, the following current
route is formed as: the power supply B—the down switch
21d—the terminal T8—the wiring [.5—the front passenger
seat motor 41—the wiring L.4—the terminal T4—the termi-
nal T3—the wiring [.3—>the terminal T7—the up switch
21u—the terminal T5—the wiring [.1—the terminal T1—the
contact Yu of the up relay 131u—the shunt resistor Rs—the
ground G.

For this reason, a current flows so as to cause the front
passenger seat motor 41 to rotate in the counter-clockwise
direction. As a result, the front passenger seat motor 41 rotates
in the counter-clockwise direction, and the window becomes
opened in association with the counter-clockwise rotation.
When the down operation is released before a certain time
period elapses, the down switch 21d switches back to the
normally closed terminal b, the power window apparatus 100
returns to the state illustrated in FIG. 2, and the front passen-
ger seat motor 41 is stopped. Accordingly, the manual down
operation is performed. In other words, the window can only
be opened while the front passenger seat switch 21 is being set
to the down operation.

Automatic Down Operation

FIG. 10 illustrates a current route when the setting of the
front passenger seat switch 21 to the down operation contin-
ues from the state illustrated in FIG. 9 for more than a certain
time period. When the down switch 21d is switched to the
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normally open terminal a, and a current flows to the front
passenger seat motor 41 via the path illustrated in FIG. 9, the
voltage detection circuit 14 detects the voltage Vdown (the P
point voltage) at one end of the front passenger seat motor 41.
At this time, the P point voltage becomes approximately
equal to a value obtained by subtracting a voltage drop Vm at
the front passenger seat motor 41 from the power supply B.
That is, the voltage Vdown becomes approximately equal to
the value obtained by subtracting the motor voltage drop Vm
from the power supply voltage B. The voltage Vdown is
divided by the resistors R1 and R2 of the voltage detection
circuit 14, and the divided voltage Vdown*R2/(R1+R2) is
input to the control unit 10. The control unit 10 monitors a
time period for which the divided voltage is continuously
input thereto. Accordingly, the control unit 10 can determine
whether the front passenger seat switch 21 is set to the down
operation for more than a certain time period, and then is set
to an extended operation. When the voltage Vdown is
approximately equal to the value obtained by subtracting the
motor voltage drop Vm from the power supply voltage B, the
control unit 10 determines that the extended operation of the
front passenger seat switch 21 is the down operation, that is,
that the down switch 214 is switched to the normally open
terminal a.

When the control unit 10 determines that the front passen-
ger seat switch 21 is set to the extended down operation, the
control unit 10 energizes the coil Xd of the down relay 1314
of the front passenger seat automatic operation relay 131.
Accordingly, the down relay 1314 is turned on, and as illus-
trated in FIG. 10, the contact Yd of the down relay 1314 is
switched to the normally open terminal a. At this point, the
current route illustrated in FIG. 9 (also illustrated in FIG. 10)
is maintained, and the front passenger seat motor 41 continu-
ously rotates in the counter-clockwise direction, and thus the
window opening operation continues.

Thereafter, when the extended operation (the down opera-
tion) of the front passenger seat switch 21 is released, as
illustrated in FIG. 11, the down switch 214 is switched to the
normally closed terminal b. As illustrated by the dotted line
arrow, the following current route is formed as: the power
supply B—sthe contact Yd of the down relay 131d—the ter-
minal T2—the wiring [.2—the terminal T6—>the down switch
21d—the terminal T8—the wiring [.5—the front passenger
seat motor 41—the wiring L.4—the terminal T4—the termi-
nal T3—the wiring [.3—>the terminal T7—the up switch
21u—the terminal T5—the wiring [.1—the terminal T1—the
contact Yu of the up relay 131u—the shunt resistor Rs—the
ground G.

For this reason, a current flows so as to cause the front
passenger seat motor 41 to rotate in the counter-clockwise
direction. As a result, the front passenger seat motor 41 con-
tinuously rotates in the counter-clockwise direction, and the
window becomes opened in association with the counter-
clockwise rotation. When the control unit 10 detects that the
window reaches a fully open state, the control unit 10 stops
the energization of the coil Xd of the down relay 131d.
Accordingly, the down relay 1314 is turned off, and the con-
tact Yd of the down relay 1314 is switched to the normally
closed terminal b. As a result, a current does not flow to the
front passenger seat motor 41, and the front passenger seat
motor 41 is stopped. Similarly to the case where the fully
closed window can be detected, a fully open window can be
detected based on a motor current flowing through the shunt
resistor Rs.

As such, when the down operation of the front passenger
seat switch 21 continues for more than a certain time period,
the down relay 131d is turned on, and the front passenger seat
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motor 41 is continuously energized via the contact Yd of the
down relay 131d. Accordingly, the automatic down operation
is performed. In other words, even when the down operation
of the front passenger seat switch 21 is released, the front
passenger seat window is automatically operated to be in the
fully open state.

When the occupant wants to cancel (release) the ongoing
automatic down operation, and stop the front passenger seat
motor 41, the occupant sets the front passenger seat switch 21
to the up operation. As illustrated in FIG. 12, the up operation
causes the up switch 21u of the front passenger seat switch 21
to be switched to the normally open terminal a. One end of the
front passenger seat motor 41 is connected to the power
supply B via the wiring [.4, the wiring [.3, and the up switch
21u. The other end of the front passenger seat motor 41 is
connected to the power supply B via the wiring L5, the down
switch 21d, the wiring [.2, and the contact Yd of the down
relay 131d. As a result, both ends of the front passenger seat
motor 41 have the same electric potential, and thus a current
does not flow to the front passenger seat motor 41, and the
front passenger seat motor 41 is stopped. The window open-
ing operation is stopped.

When a current does not flow to the front passenger seat
motor 41, the current detection circuit 15 cannot detect a
motor current, and there is no output from the current detec-
tion circuit 15 to the control unit 10. Accordingly, the control
unit 10 determines that the automatic down operation is
released, and stops the energization of the coil Xd ofthe down
relay 131d. As a result, as illustrated in FIG. 13, the down
relay 131d is turned off, and the contact Yd is switched to the
normally closed terminal b. Accordingly, the power window
apparatus 100 enters the same state as that when the front
passenger seat switch 21 is set to the up operation so as to
close the window (the case illustrated in FIG. 3). As a result,
before the up operation of the front passenger seat switch 21
is released, a current flows so as to cause the front passenger
seat motor 41 to rotate in the clockwise direction, and the
window is closed.

As such, when the front passenger seat switch 21 is oper-
ated to an up position opposite to a down position in the
middle of the automatic down operation, the automatic down
operation is released. Accordingly, it is possible to stop the
window opening operation.

FIGS. 14A to 14F show timing charts for the window
opening operations described above. FIGS. 14A to 14F cor-
respond to FIGS. 8A to 8F, respectively.

The state illustrated in FIG. 2A is shown in a range A of up
to the time t1. In this state, a motor current does not flow to the
front passenger seat motor 41.

The states illustrated in FIGS. 9 and 10 are shown in the
range B of'the time t1 to t3. At the time t1, the front passenger
seat switch 21 is set to the down operation, and as illustrated
in FIG. 14B, the down switch 21d is turned on, and is
switched to the normally open terminal a. For this reason, the
current route is formed as illustrated in FIG. 9, and as illus-
trated in FIG. 14F, a motor current flows to the front passenger
seat motor 41. A steeply rising motor current at the time t1
indicates an inrush current. When a motor current flows to the
front passenger seat motor 41, the P point voltage becomes
the voltage Vdown as illustrated in FIG. 14E.

When the front passenger seat switch 21 is set to the down
operation, and then is continuously set to the down operation
even after a certain time period T elapses, as illustrated in FIG.
14D, the down relay 1314 is turned on at the time t2, and the
contact Yd is switched to the normally open terminal a (refer
to FIG. 10). Thereafter, when the down operation of the front
passenger seat switch 21 is released at the time t3, as illus-
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trated in FIG. 14B, the down switch 214 is turned off, and is
switched to the normally closed terminal b. It takes a certain
time period for the down switch 214 to be switched from the
normally open terminal a to the normally closed terminal b.
For this reason, as illustrated in FIG. 14F, a current does not
flow to the front passenger seat motor 41 during the range C
of'the time t3 to t4. However, since the range C is a very short
time period, inertia causes the front passenger seat motor 41
to continuously rotate during the range C. When the down
switch 21d comes into contact with the normally closed ter-
minal b at the time t4, as illustrated in FIG. 14F, a current
flows again to the front passenger seat motor 41. A steeply
rising motor current at the time t4 indicates an inrush current.

The state illustrated in FIG. 11 is shown in the range D of
the time t4 to t5. In this state, the front passenger seat motor 41
is continuously energized via the contact Yd of the down relay
131d. Accordingly, even when the down operation of the front
passenger seat switch 21 is released, the front passenger seat
window is opened in the automatic down operation mode.

The state illustrated in FIG. 12 is shown in the range E of
the time t5 to t6. When the front passenger seat switch 21 is set
to the up operation at the time t5, as illustrated in FIG. 14 A the
up switch 21« is turned on, and is switched to the normally
open terminal a. For this reason, both ends of the front pas-
senger seat motor 41 have the same electric potential, and as
illustrated in FIG. 14F, a current does not flow to the front
passenger seat motor 41. Accordingly, as illustrated in FIG.
14E, the P point voltage becomes 0. The automatic down
operation is released, and the front passenger seat motor 41 is
stopped.

The state illustrated in FIG. 13 is shown in the range F of
the time t6 to t7. As illustrated in FIG. 14D, the down relay
131dis turned off at the time t6, and the contact Yd is switched
to the normally closed terminal b (refer to FIG. 13). At this
time, as described above, a current flows so as to cause the
front passenger seat motor 41 to rotate in the clockwise direc-
tion, and the window is closed. Thereafter, when the up opera-
tion of the front passenger seat switch 21 is released at the
time t7, as illustrated in FIG. 14 A, the up switch 21w is turned
off, and is switched to the normally closed terminal b. Accord-
ingly, a current does not flow to the front passenger seat motor
41, and the window closing operation is stopped. The circuit
returns to the state illustrated in FIG. 2.

In the above descriptions, the front passenger seat switch
21 of the non-driver seat switch 2 is set to the up operation or
the down operation. However, when the right rear seat switch
22 ortheleft rear seat switch 23 is set to the up operation or the
down operation, the same operations described above are
performed.

Subsequently, a method of detecting whether foreign
debris is jammed in a window will be described. In the fol-
lowing example, an occurrence of jamming in the front pas-
senger seat window is detected. However, an occurrence of
jamming in the driver seat window or the right and left rear
seat windows can be detected in the same manner.

As described above, a motor current of the front seat motor
41 flows through the shunt resistor Rs, and the current detec-
tion circuit 15 detects the motor current based on a voltage
drop of the current occurring in the shunt resistor Rs. The
jamming detecting unit 10a of the control unit 10 detects
jamming based on the motor current detected by the current
detection circuit 15. Hereinafter, the jamming detection
method will be described in more detail.

Typically, a motor current contains a ripple. When there is
no occurrence of jamming, a ripple waveform becomes a
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stable waveform as illustrated in FIG. 15A. The control unit
10 converts the ripple into a series of pulses as illustrated in
FIG. 15B.

In contrast, when there is an occurrence of jamming, as
illustrated in FIG. 16 A, a ripple of a motor current becomes an
unstable waveform in which a current level increases, and the
period extends. The ripple is converted into a series of pulses
as illustrated in FIG. 16B. When the jamming detecting unit
104 monitors a change in period T ofthe series of pulses, and
the period T is greater than or equal to a certain value, the
jamming detecting unit 10a determines that there is an occur-
rence of jamming. Alternatively, when the jamming detecting
unit 10a monitors a pulse width w instead of the period T, and
the pulse width W is greater than or equal to a certain value,
the jamming detecting unit 10a may determine that there is an
occurrence of jamming. As such, it is possible to detect an
occurrence of jamming based on the ripple of the motor
current.

A change in current value may be monitored by another
jamming detection method. FIG. 17A illustrates a change in
motor current. An inrush current flows at the start of a motor,
and thus a motor current increases sharply, and thereafter,
settles into a stable state. However, when there is an occur-
rence of jamming, the motor is locked, and the motor current
increases. Each differential A1, A2, A3 ... between a present
current value and a past current value is calculated, and the
current differential is compared with a jamming determina-
tion threshold value as illustrated in FIG. 17B. When the
current differential exceeds the threshold value, it is deter-
mined that there is an occurrence of jamming.

According to the embodiment, the non-driver seat switch 2
is a manual switch that can only be used to open and close a
window while the non-driver seat switch 2 is being operated.
When the non-driver seat switch 2 is operated for more than
a certain time period, and then is set to an extended operation
(the up operation or the down operation), the up relay 131« or
the down relay 1314 is turned on, and the operation of the
non-driver seat switch 2 transitions to an automatic operation,
and the non-driver seat motor 4 is energized via the contact Yu
of'the corresponding relay and the non-driver seat switch 2, or
via the contact Yd of the corresponding relay and the non-
driver seat switch 2. As a result, it is possible to perform the
automatic up operation or the automatic down operation by
means of the manual switch, and thus it is possible to simplify
the configuration of the non-driver seat switch 2, and to open
and close the non-driver seat window in the automatic opera-
tion mode by means of the non-driver seat switch 2.

According to the embodiment, when the occupant wants to
cancel the on-going automatic up operation, the occupant sets
the non-driver seat switch 2 to the down operation. Accord-
ingly, a current does not flow to the non-driver seat motor 4,
and the window closing operation can be stopped. In contrast,
when the occupant wants to cancel the on-going automatic
down operation, the occupant sets the non-driver seat switch
2 to the up operation. Accordingly, a current does not flow to
the non-driver seat motor 4, and the window opening opera-
tion can be stopped.

According to the embodiment, the control unit determines
whether an extended operation of the non-driver seat switch 2
is the up operation or the down operation based on the voltage
value detected by the voltage detection circuit 14. At this
time, since a difference in P point voltage level between the up
and down operations is apparent, it is possible to easily deter-
mine which operation is performed.

According to the embodiment, when each of the switches
21 to 23 of the non-driver seat switch 2 is not replaced with an
automatic operation switch, and when the driver seat unit 1
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and the wirings are changed, it is possible to open and close all
of the seat windows including the non-driver seat windows.

The invention can adopt various embodiments other than
the embodiment described above. For example, in the
embodiment, the non-driver seat switch 2 is configured to
include the three non-driver seat switches such as the front
passenger seat switch 21, the right rear seat switch 22, and the
left rear seat switch 23. However, it is possible to determine
the number of non-driver seat switches 2 based on the number
of seats.

In the embodiment, the non-driver seat automatic opera-
tion relay 13 is used as a switching circuit that switches an
opening and closing operation of the non-driver seat window
from the manual operation to the automatic operation. How-
ever, instead of the relay, a switching element such as a
transistor or FET may be used as the switching circuit.

In the embodiment, when it is detected that the non-driver
seat switch 2 is set to the up operation or the down operation
for more than a predetermined time period, the operation of
the non-driver seat switch 2 transitions to an automatic opera-
tion. However, when it is determined that the non-driver seat
switch 2 is set to the up operation or the down operation for
multiple consecutive times (for example, two times) within a
predetermined time period, the operation of the non-driver
seat switch 2 may transition to an automatic operation.

In the embodiment, a fully closed window or a fully open
window is detected based on a motor current flowing through
the shunt resistor Rs. However, other methods may be
adopted. For example, the number of rotations of a motor is
calculated based on the series of pulses illustrated in FIG.
15B, and a fully closed window or a fully open window may
be detected based on the calculated result.

Inthe embodiment, the control unit 10 turns off the up relay
131u or the down relay 131d based on the fact that the current
detection circuit 15 does not detect a motor current when an
automatic operation is canceled. However, other methods
may be adopted. For example, when a motor is stopped, a
motor voltage level decreases. Accordingly, the control unit
10 may turn off the up relay 131« or the down relay 131d
based on the detected result from the voltage detection circuit
14.

In the embodiment, the control unit determines that the
non-driver seat switch 2 is set to an extended operation based
on the voltage detected by the voltage detection circuit 14.
However, the control unit may determine that the non-driver
seat switch 2 is set to an extended operation based on the
current detected by the current detection circuit 15. Similarly,
in the embodiment, the control unit determines whether an
extended operation of the non-driver seat switch 2 is the up
operation or the down operation based on the voltage value
detected by the voltage detection circuit 14. However, the
control unit can determine whether an extended operation of
the non-driver seat switch 2 is the up operation or the down
operation based on the current value detected by the current
detection circuit 15.

In the embodiment, a voltage at one end of the non-driver
seat motor 4 is detected by the voltage detection circuit 14.
However, a voltage at the other end of the non-driver seat
motor 4 may be detected by the voltage detection circuit 14.
Furthermore, in the embodiment, both of the voltage detec-
tion circuit 14 and the current detection circuit 15 are pro-
vided. However, only one of the voltage detection circuit 14
and the current detection circuit 15 may be provided.

While the invention has been described with reference to a
limited number of embodiments, those skilled in the art,
having benefit of this disclosure, will appreciate that other
embodiments can be devised which do not depart from the
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scope of the invention as disclosed herein. Accordingly, the
scope of the invention should be limited by the attached
claims.
What is claimed is:
1. A vehicle power window apparatus comprising:
a driver seat unit that is provided on a driver seat in a
vehicle; and
a first non-driver seat switch that is provided on a non-
driver seat, that is electrically connected to the driver
seat unit, and that is used to open and close a non-driver
seat window,
wherein the driver seat unit comprises:

adriver seat switch that is used to open and close a driver
seat window;

a second non-driver seat switch that is used to open and
close the non-driver seat window; and

a control unit that controls a driver seat motor that opens
and closes the driver seat window based on an opera-
tion of the driver seat switch, and a non-driver seat
motor that opens and closes the non-driver seat win-
dow based on an operation of the second non-driver
seat switch,

wherein the driver seat unit comprises a switching circuit
that is operated based on a predetermined operation of
the first non-driver seat switch,

wherein the first non-driver seat switch is a manual switch

used to open and close the non-driver seat window in a

manual operation mode, and the first non-driver seat

switch comprises:

a first switch that connects a first end of the non-driver
seat motor to a power supply or the switching circuit;
and

a second switch that connects a second end of the non-
driver seat motor to the power supply or the switching
circuit,

wherein the driver seat unit comprises a detecting unit that
comprises at least one of a voltage detection circuit and

a current detection circuit,

wherein the voltage detection circuit that detects a voltage
at one of the first end and the second end of the non-
driver seat motor, and the current detection circuit that
detects a current flowing through the non-driver seat
motor,

wherein when an extended operation of the first non-driver
seat switch set by operating the first non-driver seat
switch for a certain time period or more is detected based
on the voltage or the current detected by the detecting
unit in a state where the second non-driver seat switch is
not operated, the control unit drives the switching cir-
cuit, and

wherein after the extended operation of the first non-driver
seat switch is released, the control unit fully opens or
closes the non-driver seat window in an automatic
operation mode by energizing the non-driver seat motor
via the switching circuit and the first non-driver seat
switch by the power supply.

2. The vehicle power window apparatus according to claim

15

wherein after the extended operation of the first non-driver
seat switch is released, when the first non-driver seat
switch is operated to a window opening position while
the non-driver seat window is being closed in an auto-
matic closing operation mode, the control unit releases
the automatic closing operation and stops the non-driver
seat motor, and

wherein after the extended operation of the first non-driver
seat switch is released, when the first non-driver seat
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switch is operated to a window closing position while
the non-driver seat window is being opened in an auto-
matic opening operation mode, the control unit releases
the automatic opening operation and stops the non-
driver seat motor.

3. The vehicle power window apparatus according to claim

wherein the switching circuit comprises a first window
closing relay and a second window opening relay,

wherein when the first non-driver seat switch is operated to
the window closing position, the first switch is switched
to a power supply side,

wherein when the first non-driver seat switch is operated to
the window opening position, the second switch is
switched to the power supply side,

wherein in a state where the first switch is switched to the
power supply side, when the first non-driver seat switch
is setto the extended operation, the first relay is switched
to the power supply side, and after the extended opera-
tion of the first non-driver seat switch is released, a
current route is formed from the power supply to a
ground via the first relay, the first switch, the non-driver
seat motor, the second switch, and the second relay, and

wherein in a state where the second switch is switched to
the power supply side, when the first non-driver seat
switch is set to the extended operation, the second relay
is switched to the power supply side, and after the
extended operation of the first non-driver seat switch is
released, a current route is formed from the power sup-
ply to the ground via the second relay, the second switch,
the non-driver seat motor, the first switch, and the first
relay.

4. The vehicle power window apparatus according to claim

wherein the control unit determines which one of the first
and second switches is switched to the power supply
side, based on the voltage detected by the voltage detec-
tion circuit when the first switch is switched to the power
supply side, and based on the voltage detected by the
voltage detection circuit when the second switch is
switched to the power supply side, and

wherein when the control unit determines that the first
switch is switched to the power supply side, the control
unit switches the first relay to the power supply, and
when the control unit determines that the second switch
is switched to the power supply side, the control unit
switches the second relay to the power supply side.

5. The vehicle power window apparatus according to claim

3
50  wherein the switching circuit comprises a first window

55

60

65

closing relay and a second window opening relay,

wherein when the first non-driver seat switch is operated to
the window closing position, the first switch is switched
to a power supply side,

wherein when the first non-driver seat switch is operated to
the window opening position, the second switch is
switched to the power supply side,

wherein in a state where the first switch is switched to the
power supply side, when the first non-driver seat switch
is setto the extended operation, the first relay is switched
to the power supply side, and after the extended opera-
tion of the first non-driver seat switch is released, a
current route is formed from the power supply to a
ground via the first relay, the first switch, the non-driver
seat motor, the second switch, and the second relay, and

wherein in a state where the second switch is switched to
the power supply side, when the first non-driver seat
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switch is set to the extended operation, the second relay extended operation by operating the first non-driver seat

is switched to the power supply side, and after the switch for the predetermined time period or more.

extended operation of the first non-driver seat switch is 9. The vehicle power window apparatus according to claim

released, a current route is formed from the power sup- 3,

ply to the ground via the second relay, the second switch, 5 wherein the control unit detects whether the first non-driver

the non-driver seat motor, the first switch, and the first seat switch is operated for multiple consecutive times

relay. . . . within a predetermined time period, instead of detecting
6. The vehicle power window apparatus according to claim whether the first non-driver seat switch is set to the

55
wherein the control unit determines which one of the first 10
and second switches is switched to the power supply
side, based on the voltage detected by the voltage detec-
tion circuit when the first switch is switched to the power
supply side, and based on the voltage detected by the
voltage detection circuit when the second switch is 15
switched to the power supply side, and
wherein when the control unit determines that the first
switch is switched to the power supply side, the control
unit switches the first relay to the power supply, and
when the control unit determines that the second switch 20
is switched to the power supply side, the control unit
switches the second relay to the power supply side.
7. The vehicle power window apparatus according to claim
15
wherein the control unit detects whether the first non-driver 25
seat switch is operated for multiple consecutive times
within a predetermined time period, instead of detecting
whether the first non-driver seat switch is set to the
::Vt ﬁ?ﬁi«iro gf é a;;gg;zri%f: ;Itliiltgzgésotél glrl 1?121\‘: rseat s  Wherein the cor}trol unit detects Whe.ther the first n.on-d.river
8. The vehicle power window apparatus according to claim seat ,SWltCh 18 opeljated for mul.tlple. consecutive times
2 within a predetermined time period, instead of detecting
whether the first non-driver seat switch is set to the
extended operation by operating the first non-driver seat
switch for the predetermined time period or more.

extended operation by operating the first non-driver seat
switch for the predetermined time period or more.
10. The vehicle power window apparatus according to
claim 4,
wherein the control unit detects whether the first non-driver
seat switch is operated for multiple consecutive times
within a predetermined time period, instead of detecting
whether the first non-driver seat switch is set to the
extended operation by operating the first non-driver seat
switch for the predetermined time period or more.
11. The vehicle power window apparatus according to
claim 5,
wherein the control unit detects whether the first non-driver
seat switch is operated for multiple consecutive times
within a predetermined time period, instead of detecting
whether the first non-driver seat switch is set to the
extended operation by operating the first non-driver seat
switch for the predetermined time period or more.
12. The vehicle power window apparatus according to
claim 6,

wherein the control unit detects whether the first non-driver
seat switch is operated for multiple consecutive times
within a predetermined time period, instead of detecting 35
whether the first non-driver seat switch is set to the L



